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3 MATERIALS AND METHODS 
 
3.1 Overview 
This chapter will discuss the material and methodology applied for this study. A general 
description on the raw material and chemical used for the experimental study is 
presented. The methods and measurements implemented in this research will be covered 
as well in this chapter. 
3.2 Raw Materials 
The raw biomass materials used in this study included oil palm fronds (OPF) and oil 
palm trunks (OPT). Fresh oil palm fronds were collected at LCSB Lepar Oil Palm Mill 
near Gambang, Pahang while oil palm trunk fibres were purchased from Regalis Asia 
Sdn Bhd located in Kuala Lumpur. The raw materials obtained were further processed 
to generate OPF and OPT in fibrous form for experimental purpose. 
Newly pruned and green oil palm fronds used for the study were collected from LCSB 
Lepar Oil Palm Mill located in Gambang, Pahang, Malaysia. The petioles of oil palm 
fronds were used after removing the leaflets. The petioles were washed with tap water 
to remove unwanted dirt, soil, dust, and insects. They were then processed using press 
machine to produce oil palm frond fibres as shown in Figure 3-1. The oil palm frond 
fibres produced were then dried under sunlight for 3 days.  
Both oil palm frond and trunk fibres were cut into smaller form with a diameter of 1 
mm and a length of 10 mm for experimental purpose as can be seen in Figure 3-2. 
Subsequently, the samples were placed in sealed polyethene bags and stored indoor at 
room temperature until experiments were carried out.  
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Figure 3-1: OPF fibres produced from press machine 
 
Figure 3-2: OPF and OPT fibres in desired size 
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3.3 Chemical 
The only chemical involved in the whole study of torrefaction process is nitrogen gas. 
The nitrogen gas from the compressed nitrogen cylinder supplied by Air Product and 
Chemicals Inc. is located in UMP FKKSA Lab. The nitrogen tank used consists of a 
compressed nitrogen cylinder and a gas regulator together with a pressure gauge. 
During the torrefaction process, nitrogen gas is purge at 1 atm to ensure an inert 
atmospheric condition by eliminating the oxygen from the torrefaction reactor.  
3.4 Torrefaction Process 
A vertical reactor used for the torrefaction process was a stainless steel (Grade 304) 
seamless tube with an internal diameter of 16.0 mm and a length of 490 mm. A ring was 
originally fixed and located 160 mm measured from the bottom of the reactor which 
acted as a support for biomass sample. The reactor and its support ring are shown in 
Figure 3-3 below. 
 
Figure 3-3: Stainless steel reactor and its support ring 
The experiment was carried out to study the effect of different temperature on the 
calorific value, mass yield and energy yield. The experiment was started by setting up 
all the parameters studied in the experiment at the control system of the pyrolyzer. A 
total of three temperature patterns were set at 200˚C, 250˚C, and 300˚C. In each case a 
small amount of glass wool was placed above the ring to prevent biomass sample from 
leaking during the torrefaction process. Then a prescribed amount (10 grams) of 
biomass sample in fibrous form was weighed and inserted in the reactor. Nitrogen gas at 
a pressure of 1 atm was then flushed into the reactor for 15 minutes in order to eliminate 
the oxygen inside. This was followed by selecting the required pattern which was first at 
